This study aims to investigate the etiologic spectrum, demographic features, and long-term follow-up results of children with noninfectious uveitis (NIU). Patients and methods: Files of patients with NIU were reviewed between May 2010 and September 2017. The cohort consisted of 54 juvenile uveitis patients (26 males, 28 females; mean age 7.7 years; interquartile range [IQR] 9.2 years) with 93 affected eyes. Location of uveitis, laterality, age at onset of uveitis, complications of uveitis, duration of follow-up, associated systemic diseases, pertinent laboratory tests, medications used, and status of uveitis at the time of enrollment were recorded from the files. All patients had final systemic and ocular examination at the last month of enrollment. Results: Twenty-seven patients (50.0%) had juvenile idiopathic arthritis (JIA), 17 (31.4%) had idiopathic uveitis, six (11.1%) had Behçet disease (BD), and four (7.5%) had tubulointerstitial nephritis and uveitis (TINU) syndrome. Median duration of follow-up for uveitis was 16 (IQR: 15) months. Anterior uveitis was seen in 81.4% of the patients (65.9% had bilateral and 34.1% had unilateral anterior uveitis). Bilateral intermediate uveitis was observed in 11.2% and bilateral panuveitis in 7.4% of the patients. At the time of enrollment, 45 uveitis patients (83.3%) were under remission. Complications of uveitis were observed in 18.5% of the patients.
Uvea is the middle layer of the eye that is composed of the iris and ciliary body anteriorly and choroid posteriorly. Inflammation of the uvea is called uveitis which may be the component of a systemic disease or occur as an isolated process confined to eye. Uveitis in childhood is a rare entity and it is estimated that only 10-15% of all uveitis patients belong to the pediatric age group. 1, 2 Uveitis may be classified by anatomic location as anterior uveitis (iris and ciliary body), intermediate uveitis (vitreous and pars plana), posterior uveitis (choroid and retina), and panuveitis (all layers of uvea). 3 The most common form of uveitis in pediatric age group is anterior uveitis. The symptoms of uveitis are pain, redness, excessive tearing, photophobia, floaters, and blurred vision. Unfortunately, most juvenile uveitis patients tend to be asymptomatic due to its silent and insidious course and diagnosed after structural complications develop. Also, children are less able to complain about subtle visual symptoms compared to adults. Furthermore, detailed ophthalmologic examination that may give important clues about the diagnosis and prognosis is extremely difficult in a non-cooperative young child that mostly depends on the patience and experience of the ophthalmologist in juvenile uveitis. 1, 2, 4, 5 The etiology of uveitis is broadly classified as infectious and noninfectious causes and masquerades of uveitis. Toxoplasmosis, toxocariasis, tuberculosis, and viral infections (e.g. herpes simplex virus or cytomegalovirus) are the most common etiologies in infectious uveitis. 2, 5 Masquerade syndromes such as leukemia, lymphoma, medulloepithelioma, and juvenile xanthogranuloma are rare disorders of childhood that may present with uveitis. 2 The leading causes of juvenile noninfectious uveitis (NIU) are idiopathic uveitis, rheumatologic diseases (juvenile idiopathic arthritis [JIA], Behçet disease [BD], sarcoidosis including early-onset sarcoidosis and Blau syndrome, and vasculitides), tubulointerstitial nephritis and uveitis (TINU) syndrome, and Vogt-Koyanagi-Harada syndrome. 1, 2, 5 A stepladder approach is applied in the treatment of NIU. Local corticosteroids are the initial treatment in all patients. Short-term systemic corticosteroids and/or disease-modifying antirheumatic drugs (DMARDs) are indicated if local corticosteroids do not lead to remission. The introduction of biologics in rheumatology has improved the long-term results of children with rheumatic diseases and this is also applicable to NIU; it is recommended that biologics should not be delayed in children with active NIU and poor prognostic factors. 4 In this study, we aimed to investigate the etiologic spectrum, demographic features, and long-term follow-up results of children with NIU.
PATIENTS AND METHODS
The files of patients with NIU were reviewed between May 2010 and September 2017 at Kanuni Sultan Süleyman Training and Research Hospital. The cohort consisted of 54 juvenile uveitis patients (26 males, 28 females; mean age 7.7 years; interquartile range [IQR] 9.2 years) with 93 affected eyes. Inclusion criteria were having a diagnosis of NIU, attending regularly to follow-up visits, being adherent to the medications, and completing the initial six months of follow-up. All JIA patients were diagnosed and classified according to the criteria of the International League of Associations for Rheumatology 6 and uveitis was defined in accordance with the criteria of Standardization of Uveitis Nomenclature Working Group. 3 All children were examined by the same ophthalmologist and thorough ocular examinations were performed including slit-lamp biomicroscopy, visual acuity check using Snellen charts or illiterate E charts, and intraocular pressure measurement by tonometer in each visit. Location of uveitis, laterality, age at onset of uveitis, complications of uveitis, duration of follow-up, associated systemic diseases, pertinent laboratory tests, medications used, and status of uveitis at the time of enrollment were recorded from the files. All patients had final systemic and ocular examinations at the last month of enrollment. The study protocol was approved by the Kanuni Sultan Süleyman Training and Research Hospital Ethics Committee. A written informed consent was obtained from the legal guardians of each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Statistical analysis
Shapiro-Wilk normality test was performed and quantitative data with non-normal distribution were presented as median and IQR. Categorical data were presented as counts and percentages. Statistical analyses were performed using the IBM SPSS version 22.0 software (IBM Corp., Armonk, NY, USA).
RESULTS
Median duration of follow-up for uveitis was 16 (IQR 15) months. Twenty-seven patients (50.0%) had JIA, 17 (31.4%) had idiopathic uveitis, six (11.1%) had BD, and four (7.5%) had TINU syndrome (Table 1) .
Anterior uveitis was seen in 81.4% of the patients (65.9% had bilateral and 34.1% had unilateral anterior uveitis). Bilateral intermediate uveitis was observed in 11.2% and bilateral panuveitis in 7.4% of the patients. Isolated posterior uveitis was not observed in any patient.
Juvenile
idiopathic arthritis patients consisted of 21 (77.7%) oligoarticular JIA (18 persistent and 3 extended oligoarticular JIA), two enthesitis-associated arthritis (ERA), two rheumatoid factor (RF) negative polyarticular JIA, one psoriatic arthritis, and one systemic JIA. Five JIA patients had uveitis at the time of diagnosis of arthritis (4 persistent oligoarticular JIA and 1 RF negative polyarticular JIA). Only one patient had an initial diagnosis of uveitis and was later diagnosed as JIA (ERA). Median duration between diagnosis of JIA and uveitis was 23 (IQR 33) months.
Male and female ratio was close to each other in the whole cohort (26 males versus 28 females) and in JIA patients (12 males versus 15 females). While idiopathic uveitis patients (6 males versus 11 females) had female predominance, BD (5 males versus 1 female) and TINU syndrome (3 males versus 1 female) patients had male predominance. Median age at the time of diagnosis of uveitis was 7.7 (IQR 9.2) years in the whole cohort while this number was 4.8 (IQR 2.5) years in JIA patients, 13.2 (IQR 7.2) years in idiopathic uveitis patients, 13.4 (IQR 8.4) years in TINU syndrome patients, and 14.3 (IQR 4) years in BD patients.
Bilateral anterior uveitis was observed in 20 (74.0%) JIA patients. Six JIA-associated uveitis patients had unilateral anterior uveitis and one patient had intermediate uveitis. Five patients had initially unilateral involvement but later had bilateral attacks. Anti-nuclear antibody (ANA) was positive in 90.4% of oligoarticular JIA-associated uveitis patients and 95.2% of oligoarticular JIA-associated uveitis patients were asymptomatic while uveitis was detected during routine screening.
Idiopathic uveitis patients had unilateral anterior uveitis (n=6), bilateral anterior uveitis (n=5), bilateral intermediate uveitis (n=5), and bilateral panuveitis (n=1). Five patients had granulomatous uveitis. None of the patients with idiopathic granulomatous uveitis had any sign or symptom of a systemic disease such as tuberculosis, sarcoidosis or multiple sclerosis that may present as granulomatous uveitis. All idiopathic uveitis patients were symptomatic, red eyes being the most common symptom. Three BD patients had bilateral panuveitis, two patients had unilateral, and one patient had bilateral anterior uveitis. Only one patient was asymptomatic. TINU syndrome patients had bilateral anterior uveitis (n=3) and unilateral anterior uveitis (n=1) and all of them had red eyes.
All patients with cells in the anterior chamber were treated with local corticosteroid drops (prednisolone acetate) and a short course of oral corticosteroids (prednisolone) was used in those with intermediate uveitis and panuveitis. Oral prednisolone was started at a dose of 2 mg/kg/day and used in full dose for two weeks and later tapered and discontinued in six-eight weeks depending on the severity of uveitis. All JIA-associated uveitis patients were treated with methotrexate and biologics were used in 14 patients of methotrexate-resistant JIA-associated uveitis (adalimumab in 11 and tocilizumab in 3 patients). In 12 JIA patients, biologics were used only for methotrexate-resistant uveitis. In three of 21 oligoJIA patients, uveitis developed while receiving etanercept that was being used for arthritis; etanercept was switched to adalimumab or tocilizumab. Methotrexate was used in nine patients (52.9%) and adalimumab was used in one patient (5.8%) of idiopathic uveitis. All six BD-associated uveitis patients were being treated with colchicine. Short-term systemic corticosteroids and azathioprine were used in four of them and cyclosporine in one. Half of BD-associated uveitis patients were treated with biologics; two patients with interferon-alpha and one patient with adalimumab. Systemic treatment with methotrexate was needed in only one patient of TINU syndrome. Overall systemic corticosteroids were used in 40.7%, DMARDs (methotrexate, azathioprine, and cyclosporine) in 68.5%, and biologics in 33.3% of children with NIU. Biologics were started in patients who were unresponsive to local and/or systemic corticosteroids and DMARDs used for three months or earlier in some patients based on the decision of the ophthalmologist.
At the time of enrollment, 45 uveitis patients (83.3%) were inactive while nine patients (5 idiopathic uveitis, 2 JIA, 1 BD, and 1 TINU syndrome) had active uveitis defined as having ≥0.5+ cells in anterior chamber. All these patients had worsening activity of uveitis and methotrexate was initiated in six and biologics in three of them recently. Complications of uveitis were observed in 10 patients (18.5%) such as temporary intraocular hypertension in five patients (3 JIA and 2 idiopathic uveitis), posterior synechia in two patients (1 JIA and 1 idiopathic uveitis), band keratopathy in two patients (1 JIA and 1 idiopathic uveitis), and decreased visual acuity in one patient (JIA).
DISCUSSION
Uveitis in childhood is a rare and challenging disorder. Early diagnosis and timely management result in prevention of complications. 1, 2, 5 This study has shown that the most common anatomical location was the anterior region and oligoarticular JIA was the most commonly associated systemic disease in children with NIU.
Uveitis may be classified by anatomical location as anterior, intermediate, posterior, and panuveitis. Anterior uveitis is the most common type in pediatric age group in all ethnicities. The frequency of anterior uveitis has been reported to be 61.9% in the United States, 7 47.8% in Italy, 8 56.3% in Japan, 9 and 40.7% in Iran. 10 Our study also supported this finding with 81.4% of juvenile uveitis patients having anterior uveitis. The frequency of other uveitis types mostly depends on the geographical location. Tugal-Tutkun 5 compared the frequency of anatomical types from 18 studies conducted all over the world and concluded that the frequency of intermediate uveitis was 1.8-41.7%, posterior uveitis was 5.5-26.6%, and panuveitis was 1.8-34.4%. The reason for the high ranges in different types of pediatric uveitis could be explained by whether the study was conducted by ophthalmologists or rheumatologists and whether the study included infectious causes of uveitis such as toxoplasmosis or toxocariasis that most commonly presents as posterior uveitis. The high number of anterior uveitis in our cohort could be explained by the high number of JIA patients that most commonly present as chronic bilateral anterior uveitis. The high frequency of acute anterior uveal involvement in TINU syndrome (100%) and idiopathic uveitis (64.7%) patients could also explain the high rate of anterior uveitis in this study. Exclusion of infectious causes may be the reason for the lack of any patient with isolated posterior uveal involvement.
Juvenile idiopathic uveitis is the most common systemic disease associated with uveitis in children. Risk factors for developing uveitis in JIA are female sex, having oligoarticular JIA, ANA positivity, and onset of arthritis before six years of age. Asymptomatic, chronic, and bilateral anterior uveitis is the most common presentation form of JIA-uveitis. 4, 5, 7, 8, [11] [12] [13] This study also supported this notion that in all JIA patients, 77.7% had oligoarticular arthritis, 51.8% of them were females, 81.4% had positive ANA, and arthritis had begun before six years of age in 85.1%. In 3-10% of JIA patients, uveitis may be diagnosed before arthritis. 1, 2, 14 We had five patients of oligoarticular JIA-associated uveitis at the time of diagnosis of arthritis; in these five patients, uveitis had possibly started before the onset of arthritis but was missed due to the asymptomatic nature of the disease.
Idiopathic uveitis has been found to be the most common diagnosis in some pediatric uveitis series. Ferrara et al. 7 reported that 51.4% of 286 children with uveitis had idiopathic uveitis while the study of Rahimi et al. 10 showed that 63% of 54 juvenile uveitis patients had idiopathic uveitis. Pars planitis, which is defined as intermediate uveitis without an identifiable cause, is the leading diagnosis in idiopathic uveitis. Anterior uveitis is also a frequent presentation of idiopathic uveitis. 1, 2, 5 Anterior uveitis was the most common form of idiopathic uveitis in this cohort (64.7%) and 29.4% of idiopathic uveitis patients had pars planitis. Before identifying a patient as idiopathic uveitis, all possible etiologies must be discarded and the patient should be regularly checked for any evolving systemic disease. Detailed questioning and meticulous examination performed by ophthalmologists and pediatric rheumatologists are the key steps in revealing any possible clue for a systemic disease. 1, 5, 11 To the best of our experience, ordering laboratory tests such as human leukocyte antigen-B51, serum angiotensin converting enzyme level or extractable nuclear antigen panel do not seem to contribute significantly in diagnosis since neither of these rheumatologic tests is specific nor pathognomonic for that disease if the patient does not have any clinical sign or symptom of that disease apart from uveitis. If a uveitis patient does not have any known systemic disease, the ruling out of infections should be directed by the ophthalmologist because most of the infectious causes have a suggestive ophthalmologic feature for that infectious agent. 15 It has been recommended that tuberculosis should be ruled out in idiopathic uveitis patients before the initiation of systemic immunosuppressive treatment particularly in endemic countries. 11, 15 In our clinic; apart from complete blood count, urinalysis, blood chemistry and acute phase reactants, we order more specific tests depending on the physical examination and guidance of the ophthalmologist in patients with idiopathic uveitis.
Uveitis develops during the course of the disease in 70-80% of adult BD patients and the ratio of uveitis in pediatric BD is 27-80%. 1, 16 In 20% of the patients, uveitis may be the initial manifestation of the disease before the evolution of classical mucocutaneous lesions. 1 BD is highly endemic in Turkey and it was shown that it is the most common cause of systemic disease-associated uveitis in adults. [17] [18] [19] Also, as demonstrated by the same studies, BD-associated uveitis was the second most common cause of uveitis after JIA in Turkish children. 17, 18 The classical presentation of BD-associated uveitis is bilateral symptomatic panuveitis. The disease tends to follow a remitting and relapsing course. Males are more commonly and more severely affected than females in BD-associated uveitis. Isolated anterior uveitis may be the only eye involvement in females. 17, 18 In this study, the one female patient with uveitis had unilateral anterior uveitis easily controlled with topical corticosteroids while the majority of the males had recurrent panuveitis attacks that needed biologic agent. Our small number of BD-associated uveitis patients supports the literature indicating that boys with BD tend to have recurrent panuveitis attacks while girls with BD tend to have anterior uveitis. Due to the high prevalence of BD in our country, we follow-up each idiopathic uveitis patient for any evolving signs and symptoms of BD.
Tubulointerstitial nephritis and uveitis syndrome is an idiopathic disease characterized by manifestations of acute TINU. Renal disease is demonstrated as tubular dysfunction that is reflected as hematuria, proteinuria, and glycosuria in urine test. Uvea involvement is manifested mostly as acute symptomatic bilateral anterior uveitis. Uveitis may precede, but more commonly develops simultaneously at or after the onset nephritis. 1, 5, 20, 21 Kanno et al. 22 reported five patients of TINU syndrome and uveitis and nephritis were diagnosed within one week from each other in all. We had four patients of TINU syndrome and all had renal manifestations as microscopic hematuria, glycosuria and mild proteinuria, and systemic manifestations. Two of the patients had simultaneous involvement of the eye and kidney, while proteinuria was detected one month before the onset of uveitis in one, and nephritis developed three weeks after the onset of uveitis in the other one. All of the patients had symptomatic anterior uveitis and uveitis was controlled by local corticosteroids except one who needed systemic corticosteroids and methotrexate. Jahnukainen et al. 23 reported 12 patients of TINU syndrome, four of whom developed chronic anterior uveitis in the follow-up. They also stated that uveitis may develop later in the course of tubulointerstitial nephritis and recommended follow-up by an ophthalmologist in patients with acute tubulointerstitial nephritis for at least 12 months from diagnosis. The four TINU syndrome patients in our cohort were referred to pediatric rheumatology from ophthalmologists with the provisional diagnosis of idiopathic anterior uveitis for the search of systemic disease. Simple urine test and combination of abnormal urine manifestations with the uveitis enabled us to establish the diagnosis of TINU syndrome.
We strongly recommend urine test to be the first laboratory test to be ordered in patients with idiopathic uveitis. Also, serial urine tests should be ordered in the next few months to check for any sign of renal involvement in patients with idiopathic anterior uveitis.
The aim of treatment in uveitis is suppression of ongoing inflammation and prevention of recurrences and complications. Topical or systemic corticosteroids are the first-line treatment options in children with NIU. DMARDs, methotrexate being the most commonly employed, should be initiated in patients unresponsive to corticosteroids and it is recommended that early initiation of immunosuppressive treatment should be considered in children with active uveitis with already established complications at the time of diagnosis. 4, [24] [25] [26] Complications of pediatric uveitis are band keratopathy, cataracts, synechia, glaucoma, cystoid macular edema, retinal detachment, neovascularization of retina, optic disc and iris, decreased visual acuity, and loss of vision. These complications have been reported to be seen in more than half of the patients. 2, 7, 10 The study of Rosenberg et al. 27 reported that 34% of pediatric uveitis patients had complications at the time of diagnosis and this number increased to 86.3% by three years after diagnosis. Delayed diagnosis, long duration of chronic inflammation due to late initiation of systemic immunosuppressive treatments, and already established complications at the time of diagnosis are considered as major risk factors for poor visual outcome. 1, 2 We have observed either one of these complications in 18.5% of the patients. The low rate of uveitis complications in this study may be explained by the early detection of uveitis by strict screening program of patients with definite or suspected rheumatic diseases (JIA, BD, etc.), ease and comfort of working in the same institution with a dedicated ophthalmologist in pediatric uveitis, face-to-face discussions between the pediatric rheumatologists and ophthalmologist about treatment plans, and early initiation of immunosuppressives in children with difficult-to-treat uveitis.
Retrospective design is the major limitation of this study and also the data of a single center may not be enough to represent the true spectrum of noninfectious uveitis in the community.
In conclusion, children with any definite or suspected rheumatologic disease that may involve the eye should be regularly checked for uveitis. The results of this study have shown that JIA is the most commonly associated systemic disease with juvenile uveitis. We have seen that it is challenging to find an etiology in uveitis patients referred from ophthalmologists while a simple urine test may help in establishing a diagnosis of TINU syndrome and preventing unnecessary further workup. Effective communication between the rheumatologist and ophthalmologist is a sine qua non in the management of children with uveitis.
